Amyloid adhesins are abundant in natural biofilms.
Surface-associated amyloid fibrils have been described by bacteria in the family Enterbacteriaceae, but it is unknown to what extent amyloid adhesins are present in natural biofilms. In this study, amyloid adhesins were specifically stained with Thioflavin T and two conformationally specific antibodies targeting amyloid fibrils. These three independent detection methods were each combined with fluorescence in situ hybridization using fluorescently labelled oligonucleotide probes in order to link phenotype with identity. Escherichia coli mutants with and without amyloid adhesins (curli) served as controls. In biofilms from four different natural habitats, bacteria producing extracellular amyloid adhesins were identified within several phyla: Proteobacteria (Alpha-, Beta-, Gamma- and Deltaproteobacteria), Bacteriodetes, Chloroflexi and Actinobacteria, and most likely also in other phyla. Quantification of the microorganisms producing amyloid adhesins showed that they constituted at least 5-40% of all prokaryotes present in the biofilms, depending on the habitat. Particularly in drinking water biofilms, a high number of amyloid-positive bacteria were identified. Production of amyloids was confirmed by environmental isolates belonging to the Gammaproteobacteria, Bacteriodetes, Firmicutes and Actinobacteria. The new approach is a very useful tool for further culture-independent studies in mixed microbial communities, where the abundance and diversity of bacteria expressing amyloid adhesins seems much greater than hitherto anticipated.